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Deicing Chemicals as Source of
Constituents of Highway Runoff
GREGORYE. GRANATO

The dissolved major and trace constituents of deicing chemicals as a
source of constituents in highway runoff must be quantified for inter-
pretive studies of highway runoff and its effects on surface water and
groundwater. Dissolved constituents ofthe deicing chemicals-sodium
chloride, calcium chloride, and premix (a mixture of sodium and cal-
cium chloride)--were determined by analysis of salt solutions created
in the laboratory and are presented as mass ratios to chloride . Deicing
chemical samples studied are about 98 and 97 percentpure sodium chlo-
ride and calcium chloride, respectively ; however, each has a distinct
major and trace ion constituent signature. The greatest impurity in
sodium chloride road salt samples was sulfate, followed by calcium,
potassium, bromide, vanadium, magnesium, fluoride, and other con-
stituents with aratio to chloride of less than 0.0001 by mass . The great-
est impurity in the calcium chloride road salt samples was sodium, fol-
lowed by potassium, sulfate, bromide, silica, fluoride, strontium,
magnesium, and other constituents with a ratio to chloride of less than
0.0001 by mass. Major constituents of deicing chemicals in highway
runoff may account for a substantial source of annual chemical loads .
Comparison ofestimated annual loads and first flush concentrations of
deicing chemical constituents in highway runoff with those reported in
the literature indicate that although deicing chemicals are not a primary
source of trace constituents, they are not a trivial source, either. There-
fore, deicing chemicals should beconsidered as a source ofmany major
and trace constituents in highway and urban runoff.

The primary constituents ofdeicing chemicals and their effect on the
water quality of highway runoffand receiving waters is well docu-
mented (1-8) . Deicing chemicals are a substantial source of con-
stituents in highway runoff, accounting for 67 percent of the chem-
ical constituents washed off the road surface as described in a
highway runoff study in North Carolina (9) . In Massachusetts, 223
million kg of road salt applied to roads maintained by the state each
year accounts for 63 percent ofthe variation of sodium concentra-
tions measured in streams (8) . Although many studies examined the
occurrenceofdeicing chemicals andthe effects ofsodium, calcium,
and chloride on the environment (1-8), the other major and trace
constituents of deicing chemicals in highway runoff are not com-
monly known or are not widely reported (10-12) . Also, relatively
few data are available on the major and trace constituents ofdeicing
chemicals (11,13-16) .

Knowledge of the major and trace constituents ofdeicing chem-
icals can facilitate the interpretation ofhighway runoff data . Loads
of each constituent in highway runoff, in surface water bodies, in an
aquifer, orfrom an entire drainage basin may be estimated from salt
application data using chloride ratios. Chloride ratios for each con-
stituent can be used to indicate the origin of loads and concentra-
tions in highway runoff between deicing chemicals and other possi-
ble sources. Constituent concentrations can be estimated using
chloride ratios and chloride analyses, ion-specific chloride probes,
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or estimation of chloride concentrations from specific conductance
data (7) .

Ion ratios are an accepted method to examine waterqualityanaly-
ses (17) . Mass ratios to chloride are useful in road salt studies for
the following reasons :

" Chloride is considered to be one of the best chemical tracers
because it is nonreactive and has low retardation rates in many sur-
face- and groundwater environments (17,18) .

" When deicing chemical contamination is detected and deicing
chemical-application data (or loss data in the case of salt storage
areas) are notavailable, thenthe total salt load can be estimated from
chloride concentrations in affected waters (6,19,20).

" Partitioning of deicing chemical loads to surface and ground-
waters from highway runoff can be inferred from chloride concen-
trations in receiving waters (7, 9,10,12, 21) .

" Molar or equivalent ratios are easily attained from mass ratios
to chloride .

" Chloride ratios can be converted easily to deicing chemical
ratios by dimensional analysis .

Chloride ratios can be used to indicate the source of salt contam-
ination in freshwater supplies . Soils, sediments, and bedrock in local
areas, oceanic aerosols, continental brines, oil or gas field brines,
and effluent from septic tanks, industry, and wastewater-treatment
plants all contain many ofthe major and trace constituents of deic-
ing chemicals and may contaminate local waters with these con-
stituents (6,18) . However, each source has a unique chemical sig-
nature . As highway runoff migrates through the environment,
changes in the chloride ratios of each constituent may indicate
chemical reactions that should be considered when interpreting
chemical analyses ofwater samples (12,21) .

Several researchers used chloride ratios to determine the source
of salt contamination in fresh groundwater supplies. Shanley used
salt application records and the ratio of major ions for chloride to
determine that salt applications increased solute flux in a basin in
central Massachusetts by 120 percent (21) . Snow et al . used the
ratios of bromide and sulfate to chloride to distinguish between
ancient seawater trapped in bedrock fissures, modern seawater intru-
sion, and road salt contamination (20) . Howard and Beck used the
ratios of iodide to chloride and of fluoride to chloride to differenti-
ate between deicing chemicals and saline bedrockwater (11) . Knuth
et al . used the ratio ofbromide to chloride to determine that improp-
erly discharged formation brines from the drilling of a natural gas
well were the source of salt contamination in an unconfined aquifer
rather than deicing chemicals or naturally saline groundwater (19) .
As highway runoff migrates through the environment, ion

exchange and other chemical reactions can alter the ratio of each
constituent to chloride . Kunkle identified changes in the relative
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concentrations of several cations to chloride in a Vermont stream
affected by highway runoff (2) . Shanley used chloride ratios and
ratios ofsodium to silica to indicate ion exchange ofsodium forcal-
cium and magnesium in a Massachusetts drainage basin (21) .
Granato, et al. used chloride ratios to indicate that ion exchange and
other effects may increase the mobility of the highway constituents
in groundwater and can alter the ionic composition ofthe water (12) .
Therefore, the ratios presented may be indicative ofthe input ofions
from the deicing chemicals used, but they must be adjusted to reflect
dissolution in local precipitation, mixing with local waters, or geo-
chemical reactions .

PURPOSE AND SCOPE

The purpose of this paper is to demonstrate that deicing chemicals
are a substantial source of dissolved major and trace constituents in
highway runoff. In addition, mass loading and concentrations of
deicing chemical constituents in relation to other sources of con-
stituents in highway runoff are also discussed briefly . The deicing
chemicals examined were sodium chloride road salt (SCRS), cal-
cium chloride road salt (CCRS), andpremix. Premix is a mixture by
weight of 20 or 40 percent CCRS and 80 or 60 percent SCRS,
respectively (J . Marquart, Akzo Salt, unpublished data). Samples of
SCRS and premix were obtained from a Massachusetts Highway
Department (MHD) road maintenance facility for 1990-1995 soon
after deicing chemicals were delivered each year. However, these
annual samples are not presumed to define the deicing chemicals
used throughout Massachusetts, or in any particular year . The con-
stituents of the deicing chemicals are presented as mass ratios to
chloride . Laboratory and field data from this study, as well as exam-
ples from the literature, are intended to examine deicing chemicals
as a substantial source of dissolved major and trace constituents in
highway runoff.

METHODS

MHD deicing chemical application records for 1990-1995 were
used to indicate the mass loading ofconstituents fromdeicingchem-
icals . SCRS samples for these years may be considered as typical of
New York rock salts (J . Marquart, Akzo Salt, unpublished data) .
CCRS is applied as a component of premix that is used to improve
the performance of the deicers at low temperatures . The CCRS in
premix used by MHD is produced from Michigan brines (J . Gall,
Dow Chemical, unpublished data) .

Samples ofdeicing chemicals were collected by compositiog 6 to
10 smaller samples taken from different places in theenclosed deic-
ing chemical pile soon after the first deicing chemical delivery of
each year. The sampling and experimental program used to deter-
mine the constituents of deicing chemicals as constituents of high-
way runoff was designed to minimize contamination ofthe deicing
chemical samples . The collection, storage, and dilution of deicing
chemical samples were done using materials and methods designed
to avoid contamination ofthe samples or solutions during process-
ing prior to analysis .

The collected deicing chemicals were added to deionized water
and the solutions analyzedto determine the water-soluble major and
trace constituents available for dissolution in highway runoff. Sam-
ples ofSCRS, CCRS, andpremix weredissolvedin deionized water
to form solutions ofabout 10, 1, 0.5, and0.001 percent salt foranaly-
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sis . The 10 and0.001 percent solutions were analyzedformajorcon-
stituents, andthe 1 and0.5 percent solutions were analyzedformajor
and trace constituents . Aqueous samples were analyzed at the U.S.
Geological Survey's (USGS's) National Water Quality Laboratory
(NWQL) in Arvada, Colorado, and in the USGS research laboratory
in Reston, Virginia, following standard procedures (22) . One sam-
ple of the dilution water was sent to the NWQL for major and trace
ion analysis after processing with the labwareto provide quality con-
trol . This deionized water sample had negligible concentrations of
constituents examined, indicating that neither the dilution water nor
the laboratory processing . introduced contaminants .

Each constituent ofthe deicing chemicals examined is presented
as a mass ratio of that constituent to chloride in aqueous solution .
The chloride mass ratios are the quotient ofthe concentration in mil-
ligrams per liter of each constituent dividedby the concentration of
chloride in milligrams perliter. Resultant ratios are unitless andmay
be applied to any units except for those based on moles or equiva-
lents . The use ofchloride ratios requires theassumption that the con-
centration of each constituent is directly proportional to the amount
ofdeicing chemicals and, therefore, the concentration ofchloride in
solution.
The maximum, minimum, and median ratios of each constituent

consistently detected in the deicing chemicals examined are pre-
sented graphically. However, the minimum ratio does not reflect
ratios for constituents diluted to less than detection limits in the 0.5
or 0.001 percent solutions . Instead, the range and median are pre-
sented with the number ofdetections and trials for each constituent .
One sample of SCRS was collected each year during 1990-1995 ;
two samples ofpremix were collected during 1990-1995 . At least
two water quality samples were analyzed from each deicing chem-
ical sample. Constituents that were consistently less than detection
limits are reported with the minimum chloride ratio ofthe detection
limit, the number of trials without detections, and the total number
of trials (Table 1). Barium, cobalt, lithium, and zinc were detected

TABLE 1

	

Detection Limits Expressed as Mass Ratio to Chloride for
Constituents ofSodium Chloride, Calcium Chloride, and Premix in
Deionized Water Solution Not Consistently Detected

'Constituent was detected in lower concentration sample but not in higher concentration
sample(s) .
"Detected in calcium chloride and premix, but not sodium chloride .

Constituent

Mass ratio of Number of Tests
detection limit without detection:
(mg/L per mg/L CI) total number of tests

- Trace cations -

Arsenic <2.2 x 10" 12 :12
Barium' <2.2 x 10-5 13 :15
Beryllium <2.2 x 10*6 12 :12
Cadmium <2 .2 x 10" 12 :12
Chromium" <6 .5 x 10" 8 :12
Cobale <2 .2 x 10'' 11 :12
Lithium' <2 .2 x 10 23:26
Manganese' <2 .2 x 10 -6 6:8
Molybdenum <1 .1 x 10'5 12:12
Silver <2 .2 x 10'' 12:12
Zinc' <2 .2 x 10 $ 10:12

- Trace anions -

Antimony <2 .2 x 10'' 12:12
Cyanide,Total <2.2 x 10'° 12:12
Selenium <2.2 x 10-' 12:12
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in the more dilute solutions but were not detected in the more con-
centrated solutions; therefore, they are reported as not being consis-
tently detected (Table 1) .

DEICING CHEMICALS

Sodium Chloride Road Salt

The ratio of many major and trace constituents of sodium chloride
varies from year to year (Figure 1) . Considerable variation in the
quantities ofeach constituent are expected from salt samples within
a natural salt deposit (14,15). Also, the inherent variability oflabo-
ratory analysis is compounded by the use of ratios, the quotient of
two variable numbers . The variability of chloride determinations is
from 3 to 5 percent (22) . The variability of analyses for other major
ions is from 3 to 12 percent and may be s much as 50 to 100 per-
cent for analyses of trace ions when concentrations are near detec-
tion limits (micrograms per liter) (22) . However, the median ofeach
constituent reported may be considered as characteristic of these
deicing chemicals because the analyses of SCRS, CCRS, and pre-
mix were done repetitively for samples from different years . The
numbers oftotal detections andtrials for SCRS are shown along the
abscissa in Figure 1 .

Summation ofmedian values presented in Figure 1 indicates that
the SCRS samples are about 98 percentpure sodiumchloride . There-
fore, these samples meet the standard ASTM D632-94, which spec-
ifies that SCRS must be a minimum of95 percent pure sodium chlo-
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ride . The greatest impurity in sodiumchloride is sulfate, followed by
calcium, potassium, bromide, vanadium, magnesium, fluoride, and
other constituents with ratios to chloride less than 0.0001 by mass .
One constituent of SCRS used by the MHD but not detected in

any of 12 trials (Table 1) is total cyanide (as ferric ferrocyanide or
sodium ferrocyanide) . Ferric ferrocyanide and sodium ferrocyanide
are commonly cited anticake compounds forroad salt (9) . However,
the strong chemical bonds between the cyanide groups and iron in
both compounds (17) create relatively stable complexes and reduce
toxicity in solution (23).MM uses about 100 mg of yellow prussi-
ate of soda (sodium ferrocyanide) per kilogram of deicing chemical
(S . Pollock, MHO, unpublished data). A commonly specified con-
centration for use of sodium ferrocyanide is 100 mg/kg or 100 ppm
(B . Bertram, Salt Institute, unpublished data). This quantity of
hydrated sodium ferrocyanide should theoretically yield a massratio
of 5.3 x 10-5, which is well above the reported detection limit of
2.2 x 10-6 (Table 1) . The discrepancy between estimated and mea-
sured values may be due to the dissociation of cyanide complexes
by photolysis and off-gassing ofhydrogen-sulfide gas in the clear,
well-stirred laboratory solutions (B . Bertram, Salt Institute, unpub-
lished data) .

Calcium Chloride Road Salt and Premix
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Although calcium chloride is used only as a component ofpremix, it
was analyzed separately to identify it as an independent source of
constituents (Figure 2) . The numbers oftotaldetections and trials for

Cu Fe Pb Ni Sr
CONSTITUENTS

V Br F S04 N03 SiO2

FIGURE 1

	

Range ofand median mass ratios to chloride of major and trace constituents ofdeicing chemical sodium
chloride.
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CCRS are shown along the abscissa in Figure 2 . CCRS samples con-
tain the same constituents as SCRS with the exception ofchromium,
which was less than the detection limit in the SCRS samples . Also,
the ratios of many of the CCRS constituents were consistently dif-
ferentfrom the SCRS.Therefore, CCRS is notan independent source
of constituents, but it does alter the chemical signature of deicing
chemicals applied when it is used in premix . The differences in pro-
portions of minorconstituents between SCRS and CCRS may result
from geological origin, industrial processing, or both .
The summation ofmedian values presented inFigure 2 indicates

that the CCRS samples are about 97 percent pure calcium chloride .
Therefore, these samples meet ASTM D98-93, which specifies that
CCRS must be at a minimum 90 percent pure calcium chloride. The
greatest impurity in the calcium chloride is sodium, followed by
potassium, sulfate, bromide, silica, fluoride, strontium, magnesium,
and the other constituents with ratios to chloride less than 0.0001
by mass .
Median chloride ratios ofthe constituents of all the deicing chem-

icals tested (SCRS, CCRS, and premix) indicate that the composi-
tion of the premix samples can be derived by partitioning the con-
stituents of component salts (Figure 3) . Ratios for premix were
determined by analyzing three separate samples from a mixture of
80 percent SCRS and 20 percent CCRS obtained during the winter
of 1990-1991, and three separate samples from a mixture of 60 per-
cent SCRS and 40 percent CCRS obtained during the winter of
1992-1993 . The ratio of each constituent of the premix samples
generally was between the median ratio for the sodium and calcium
chloride salts. Exceptions occur in the minor constituents, probably

Cu Fe Pb Ni Sr
CONSTITUENTS

Br F S04 N03 SiO2

FIGURE 2

	

Range ofand median mass ratios to chloride of major and trace constituents of deicing chemical calcium
chloride .

Results of Current Study Compared with
Available Literature

53

because ofthe greater variability typical fordeterminations near the
detection limits ofthese constituents

.
Otherexceptions--for exam-

ple, in magnesium and sulfate ratios-may be an artifact of statisti-
cal differences caused by different number of samples for SCRS,
CCRS, and premix (which had three independent trials for each
mixture), or because the available premix samples do not span the
1990-1995 period.

A comparison of the constituents of SCRS with values reported for
SCRS in the literature (9,10,11,13,15,19,21,24) highlights several
points (Figure 4). To date, all the major and trace constituents of
SCRS have not been quantified inany specific study. Theratiosofthe
major constituents-sodium, calcium, magnesium, sulfate, and bro-
mide--are relatively consistentbetweenthis study and ratios derived
from the literature . However, the current study indicates minor and
trace constituent ratios that generally are less thanratios indicated by
the literature. The differences in ratios between the current study and
the available literature may be caused by differences in geologic ori-
gin of the deicing chemicals or improvements in chemical sampling
and analytical techniques during the period ofrecord.

Available literature does not quantitatively specify theconcentra-
tions ofmajor and trace constituents ofroad salt solutions . Runnels
et al . indicate the major and trace constituents of rock salt from
Kansas (13). By dissolving rock salt in deionizedwater and filtering



54

U
U
W

0
0
F=Q
N

0.0001

0.00001

0.000001

F

F

F

f

a

0

0
0

o

3
7

3
3

0.0000001
Ca Mg Na B Cr

out residue, Bloomberg and Ladenburg provide qualitative data on
detecting trace elements, both soluble and insoluble, from a wide
variety of salt sources (14) . Kaufmann quantitatively examines the
major constituents ofmany brines androck salts butdoesnot include
trace constituents (15) . Oberts comparedthe concentrations of afew
elements in aqueous solutions containing mixtures of sand and salt,
but because the sand was oflocal origin and was not analyzed sepa-
rately, results of this study cannot be applied widely (16) . Howard
and Beckanalyzed samples ofroad deicing chemicals formajorand
trace constituents (11) but did not findmany ofthe traceconstituents
detected by Runnels et al. (13), Bloomberg and Ladenburg (14), or
the current study . In Howard and Beck's study, dilute solutions
(about 30 mglL chloride, a 0.005 percent solution) were analyzed
because ofinstrument limitations (11). Therefore, it may be hypoth-
esized that the samples used for trace ion analyses were diluted
beyondthe detection limits for someconstituents. However, Howard
and Beck detected aluminum, iodide, and barium in their samples.
Chloride ratios in SCRS were about5.6 X 10-3, 6.4 X 10-', and 3.7
X 10-4 for aluminum, iodide, and barium; respectively, and chloride
ratios in CCRS were about 3.6 X 10-3, 2.7 X 10-6, and 1 .9 X 10-4
for aluminum, iodide, and barium, respectively (11) . Howard and
Beck also tested for but did not detect phosphorus .

Deicing Chemicals as Constituents of Highway Runoff

A comparison of annual loads of deicing chemical constituents
derived from MHD deicing chemical application records in the

Cu Fe Pb Ni Sr
CONSTITUENTS
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Br F S04 N03 SiO2

FIGURE 3

	

Median mass ratios to chloride ofmajor and trace constituents ofdeicing chemicals sodium chloride, calcium
chloride, premix 80:20 (a mixture by mass of 80 and 20 percent sodium and calcium chloride, respectively), and premix
60:40 (a mixture by mass of60 and 40 percent sodium and calcium chloride, respectively) .

study area (7) and annual loads reported in a review of highway
runoff literature (25) are given in Table 2. The median ratios of
each constituent to chloride in SCRS (which comprises about 95
percent ofthe deicing chemicals spread in the study area) are used
to estimate an annual load for each constituent from the salt appli-
cation records. Annual mass loading of deicing chemicals in the
study area (12) varies by a factor offour because of differences in
freezing conditions and snowfall from year to year during
1990-1995 . Although deicing chemicals are not a primary source
oftrace metals, they are not necessarily a trivial source in compar-
ison with other reported sources of highway runoff constituents
(25). The relatively low sodium and chloride loads reported in this
survey ofthe literature (25) indicate that representative data for the
winter months may not be included . The maximum percentage of
reported loads in highway runoff ranged from 2 percent for iron to
40 percent for copper (Table 2) . Therefore, deicing chemicals
should be considered as a substantial source of many major and
trace constituents in highway and urban runoff. However, deicing
chemicals are only one ofmany sources of constituents in highway
runoff.

Chloride mass ratios of highway runoff constituents in samples
taken during several winter storms during the current study also
indicate that deicing chemicals are not a trivial source of many
constituents in highway runoff (Figure 5). Samples of highway
runoff were collected for analysis of major and trace constituents
on March 24, 1993, during a storm when SCRS was applied to the
highway . Highwayrunoffsamples analyzed for major constituents
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Comparison ofrange ofandmedian mass ratios to chloride of constituents ofdeicing chemical sodium chloride
to values reported in literature.

TABLE2 Annual Loads of Deicing Chemical Constituents
Estimated UsingMHDDeicing Chemical Application Records in
Study Area (1990-1995) and Median Ratios from SCRS as Compared
with Values Reported in Review ofHighway Runoff Literature (25)

B Cu Fe Pb Ni Sr

'Sodium "rideroad salt MUMWZeent 95 percent of deixdng ~Veab appaed alt the test site .
°Estimated by quoUnt of them"muman oonsftentftdand ft minin n toad reported in the Reraturo
for each constituent. The mawturn a reported bexmse the ndnanum load Is ahirays conceivably Zero.
°The toad of the deicing mWerials sod'wm clftride andpram
toraftent not defined bY trrett and others, (1999).
'Caladated from the ratio in premix .

CONSTITUENTS
V Br F S04 N03 SiO2
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were collected on January 12 and February 23, 1995, during
storms when SCRS was applied and on February 28, 1995, during
a storm when SCRS and premix were applied to the highway .
Sodium, boron, strontium, vanadium, bromide, and sulfate ratios
in highway runoffwere similar to the ratios in the laboratory dilu-
tion . However, calcium, magnesium, potassium, iron, fluoride,
nitrate, and silica were enriched with respect to ratios from the lab-
oratory dilution . Although many oftheseconstituents are notasso-
ciated with vehicular traffic, enrichment ofthese constituents is to
be expected because precipitation, pavement surfaces, and even
materials used in the construction ofdrainage and detention facil-
ities contribute constituents to stormwater runoff (12,21,26) . The
enriched iron and nitrate are considered common chemical con-
stituents of highway runoff (9) . Chromium, nickel, copper, and
lead-which also are considered constituents of highway runoff
(9,24,25) as well as constituents of deicing chemicals-were not
detected in the major and trace constituent analyses (Figure 5) .
However, the detection limits reported in these highway runoff
analyses were higher than the concentrations expected from the
chloride ratios of the deicing chemicals. Cadmium and manganese
were detected at a constant ratio to chloride in highway runoff
samples (2 .9 X 10`6 and 0.4 X 10-4 , respectively), although they
were not detected in the laboratory samples of more concentrated
salt solutions at much lower ratios to chloride (Table 1) . These
relations are probably spurious but may result from reactions
between the salt and available metals on pavement surfaces (12).
In contrast, the ratio of zinc tochloride steadily increased by about

Constituent
of deicing
matefte

The Current
Minimum
load
(k~)

Study
Median
load

~,
Maximum
load

Maximum
percentage'
load

Range of
loads in
literature
(k~

Total` 3.7x10 6.9x10' 1 .3x10 ° �d
Chloride 2.2 x 10 3 4.1 x 103 7 .6 x 10 3 4.63 -1,344
Calcium 1 .4 x 10' 2.5 x 10' 4.6 x 10' -
Magnesium 2 .9 x 10'' 5.4 x 10" 9.8 x 10" -
Sodium 1 .4 x 10 3 2.7 x 10 3 4.9 x 10 3 - 1 .95
Potassium 6 .7 x 107' 1 .2 x 100 2.3 x 10 ° -
Sultate 2 .9 x 10' 5 .4 x 10' 9.8 x 10' -

Fluoride 2 .7 x 10"' 5 .0 x 10" 9.1 x 10`
silica 7 .8 x 1013 1 .5 x 10r* 2.6 x 10*1
Boron 1 .7 x 10'2 3 .2 x 10'2 5.9 x 10'2
Chromium' 9.8 x 10' 1 .8 x 1073 3.3 x 10*3 28 0.012-0.1
Copper 3.6 x 10" 6.6 x 10 1 .2 x 10* 40 0 .03-4 .7
Iron 2.9 x 10"2 5.4 x 10 9.8 x 104 2 4.37-28.8

Lead 2.0 x 10a 3.6 x 10*3 6.7 x 10"3 8 0.08-21 .2
Nickel 1 .1 x 10 2.0 x 10 3.6 x 10 5 0.07
Strontium 1 .0 x 10'' 1 .9 x 10'' 3 .5 x 10''
Vanadium 3.8 x 10 7.0 x 10*' 1 .3 x 10''
Bromide 3.8 x 10*2 7.0 x 10'2 1 .3 x 10''
Nitrate 2.2 x 10'2 4.1 x 10 7 .6 x 104 9 0.80-8.0
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an order of magnitude (from 0.3 x 10-4 to 2.7 x 10-4) during the
storm as chloride concentrations decreased from 960 to 360 mg/L .
Chloride ratios of constituents in highway runoff generally
approach laboratory ratios with increasing chloride concentrations
(Figure 6) . Also, the chloride ratios of calcium, potassium, and
strontium in highway runoff show the influence of the CCRS in
the premix used during the storm on February 28 (Figure 6) .
Therefore, investigators may use the chloride ratios presented here
to estimate inputs from deicing chemicals based on known chlo-
ride concentrations .

Concentrations of the major and trace constituents of deicing
chemicals in highway runoffalso are substantial in comparison with
concentrations reported in the literature (25). Estimates of deicing
chemical constituent concentrations based onan analysis ofchloride
from a highway runoff sample taken from the first flush of a winter
storm on January 28, 1994, are presentedin Table 3. The constituent
concentrations from the deicing chemicals generally are within 10
to 20 percent ofthe lowest concentrations reported in the literature .
Therefore, an analysis of concentrations also indicates that deicing
chemicals are not atrivial source ofmajor and traceconstituent con-
centrations in highway runoff.

Quantification ofthe dissolved major andtrace constituents ofdeic-
ing chemicals as constituents ofhighway runoff is needed for inter-

Cu Fe Pb Ni Sr
CONSTITUENTS
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V Br S04 N03 SiO2

FIGURE 5

	

Comparison of range of and median mass ratios to chloride of constituents ofdeicing chemical sodium
chloride to ratios ofhighway runoff constituents in samples taken during current study.

pretive studies ofhighway runoffand its effects onreceiving waters.
Although many studies examine the occurrence of deicing chemi-
cals and their effects on the environment, few have examined both
majorand trace constituents ofdeicing chemicals inhighwayrunoff.
Samples of deicing chemicals examined were obtained from an
MHD road maintenance facility for 1990-1995. Dissolved con-
stituents ofthe deicing chemicals-sodium chloride, calcium chlo-
ride, andpremix (amixture ofsodium and calciumchloride)-were
determined by analyzing samples from laboratory dilutions ofdeic-
ing chemicals in deionized water. Each constituent of the deicing
chemicals examined was presented as a mass ratio of that con-
stituent to chloride in aqueous solution .
The deicing chemicals studied meet ASTM standards for purity

but also have adistinct major and trace constituent signature . Sum-
mation ofmedian mass ratios indicates that the sodium chloride and
calcium chloride samples are about98 and 97 percent pure, respec-
tively . The greatest impurity in SCRS is sulfate, followed by cal-
cium, potassium, bromide, vanadium, magnesium, fluoride, and
other constituents with a ratio to chloride of less than 0.0001 by
mass. Generally, CCRS has the same constituents as SCRS,
although in different proportions . The greatest impurity in the
CCRS is sodium, followed by potassium, sulfate, bromide, silica,
fluoride, strontium, magnesium, and other constituents with a ratio
to chloride of less than 0.0001 by mass . Although CCRS is only
used as a component ofpremix, it will alter the chemical signature
of deicing chemicals applied, and the composition of the premix
samples in which it is used can be derived by partitioning the con-
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stituents ofcomponent salts. The ratios ofthe majorconstituents-
sodium, calcium, magnesium, sulfate, and bromide to chloride-
are generally consistent between this study and those derived from
concentrations reported in the literature. However, estimates of
minor and trace constituent concentrations from the current study
are generally less than constituent concentrations reported in the lit-
erature.

Comparison of the estimated annual loads and first flush
concentrations of deicing chemical constituents of highway run-
off with those reported in the literature indicates that although
deicing chemicals are not a primary source of trace constituents,
they are not an unimportant source either. Maximum loads of
trace constituents from deicing chemicals ranged from 2 to 40
percent of individual trace constituent loads in highway runoff
reported in the literature . Additionally, concentrations of trace
constituents from deicing chemicals in the first flush of a typical
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Variation ofmass ratios to chloride of constituents of highway runoff
samples with chloride concentration.
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winter storm generally are from about 10 to 20 percent of the
concentrations in highway runoff reported in the literature. There-
fore, deicing chemicals should be considered as a source of both
major and trace constituents in studies of highway and urban
runoff.
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TABLE3 Estimation ofEach Constituent ofDeicing Material Using
a ChlorideAnalysis from Sample Taken from First Flush ofWinter
Storm (January 28,1994) Multiplied by Median Mass Ratio ofEach
Constituent ofSodium Chloride Road Salt

Constituent

	

Estimated

	

Literature Range

	

Maximum
of Deicing

	

Concentration

	

of Concentrations

	

Percent'
Material' (mg/L) (mg/L)

REFERENCES

Chloride`

	

1.7 x 10"
Calcium

	

1.0 x 10 1
Magnesium

	

2.2 x 10 0

	

1.062

	

208
Sodium

	

1 .1 x 10"
Potassium

	

5.1 x10 0
Sulfate

	

2.2 x 10'

Fluoride

	

2.0 x 10 0
Silica

	

6.0 x 10'2
Boron

	

1.3 x 10''
Chromium'

	

7.5 x 10

	

:5 .04

	

19
Copper

	

2.7 x 10-2	0 .022-7 .0

	

120
Iron 2.2x10" 2.4-10.3

	

9

Lead

	

1.5 x 10'2

	

0.073-1 .78

	

20
Nickel

	

8.2 x10"

	

0.053

	

15
Strontium

	

7.8 x 10''
Vanadium

	

2.9 x 10"
Bromide

	

2.9 x 10`
Nitrate

	

1.7 x 10"

	

0.306-1 .4
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'Sodium chkxide roil sin ratios represent 95 percent of dung d%emicals applied at the cost site.
°Estimated by quotient of the maxnnum salt oorstituent loud and the minimum load reported in the literature
for each consbtuent. The maximum is reported because the mhi num load is always conceivably zero.
`Chloride concentration in peak of winter storm first Rush as determined in by laboratory analysis of a water
sample.
'Constituent not defined by Barren and others, (t 993).
'Using ratio found in Prom whloh is below detection limit in sodium chloride analyses.
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